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(57) Abstract 

A method for separating enantiomers of derivatives of aryloxipropjnokimines is disclosed. In the method, the derivative is 
contacted with a chiral solid-phase chromatography material containing molecular imprints of an optically pure enantiomer of 
the derivative to be separated. A chiral solid-phase chromatography maters! for u>e in the method is also disclosed. This material 
consists of a polymer prepared by polymerisation of a monomer in the pre-ence of a cross-linking agent and of an optically pure* 
enantiomer of the derivative to be separated, a molecular imprint of the optically pure enantiomer being formed in the polymer 
by non-covalent interactions between the monomer and the optically pure er..:niiomer. Moreover, there is disclosed the use of the 
molecular imprinting method for preparing a chiral solid-phase chronui"i:r.iph\ material for use in the method. 
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METHOD FOR SEPARATING ENANTIOMERS OF AR YLOX I PRO P ANO LAM I N E 
DERIVATIVES , AND CHIRAL SOLID-PHASE CHROMATOGRAPHY 
MATERIAL FOR USE IN THE METHOD 



5 The present invention relates to a method for 

separating enantiomers of derivatives of aryloxipropanol- 
amines and a chiral solid-phase chromatography material 
for use in the method. The invention also relates to the 
use of the molecular imprinting method for preparing the 

10 chiral solid-phase chromatography material. 

^-adrenergic blocking compounds (or ^-blockers) are 
important pharmaceutical preparations which are used in 
the treatment of hypertension, arrhythmia and angina 
pectoris. There is a great need of using optically pure 

15 enantiomers since the stereoisomers express a varying 

pharmacological activity, and in some cases they can also 
be used against various symptoms ( 1 ) . Consequently, 
intensive research is in progress for preparing optically 
pure P-blockers, e.g. by using an asymmetric synthesis 

20 (2) including biocatalysts (3), a fractional crystallisa- 
tion (4), as well as indirect (5) or direct (6) chromato- 
graphic separation of the enantiomorphs. 

According to the present invention, a method is 
provided for separating enantiomers of derivatives of 

25 aryloxipropanolamines by means of a chiral solid-phase 
chromatograpy material (Chiral Stationary Phase = CSP), 
which is prepared by the so-called molecular imprinting 
method (7). The molecular imprinting method used is based 
on non-covalent complementary interactions between the 

30 non-derivatised print molecule and polymerisable monomers. 

More precisely, a method is provided for separating 
enantiomers of derivatives of aryloxipropanolamines, in 
which the derivatives are contacted with a chiral solid- 
phase chromatography material containing molecular imprints 

35 of an optically pure enantiomer of the derivatives to be 
separated . 
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Moreover, a chiral solid-phase chromatography ma- 
terial is provided to be used in the separation of 
enantiomers of derivatives of aryloxipropanolamines, which 
material consists of a polymer prepared by polymerisation 
5 of a monomer in the presence of a cross -linking agent and 
of an optically pure enantiomer of the derivatives to be 
separated, a molecular imprint of the optically pure 
enantiomer being formed in the polymer by non-covalent 
interactions between the monomer and the optically pure 
10 enantiomer. 

According to the invention, there is also provided 
the use of the molecular imprinting method for preparing 
a chiral solid-phase chromatography material to be used in 
the separation of enantiomers of derivatives of aryloxi- 
15 propanolamines . 

Suitable monomers for preparing the chiral solid-phase 
chromatography material are monomers with functional 
groups, such as carboxyl-functional monomers. Preferred 
monomers are methacrylic acid [MAA, H 2 C=C(CH 3 )-C00H] or 
20 itaconic acid [ITA, H 2 C=C(C00H)-(CH 2 )-C00H] . These, two 

monomers can, by their functional groups, form non-covalent 
bonds in organic solvents to the print molecule. Itaconic 
acid has previously been used in polymer chemistry (8), but 
it has now surprisingly been found that this acid is highly 
25 suited for use as monomer in the preparation of molecular 
imprints . 

The monomers are polymerised in the presence of a 
cross-linking agent, which results in a three-dimensional 
network being formed. One cross-linking agent is ethylene 

30 glycol dime thacryl ate. 

Furthermore, the monomers are polymerised in the 
presence of a so-called print molecule, i.e. in this case 
an optically pure enantiomer of the derivative to be 
separated. During the polymerisation, non-covalent com- 

35 plementary interactions arise between the non-derivatised 
print molecule and the polymerisable monomers. After the 
polymerisation, the print molecule is removed from the 
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three-dimensional network by extraction with a suitable 
solvent. As a result, individual sites with complementary 
points of bonding will probably remain within the polymer. 
As aryloxipropanolamine derivatives that can be 
5 separated by the method according to the invention, 

mention can be made of timolol, propranolol, metoprolol 
and atenolol (formulae, see Fig, 1). 

The resolution of racemic mixtures of important 
non-derivatised pharmaceutical preparations, such as 

10 p-blockers, by using the molecular imprinting method 

brings great advantages, such as extremely pure prepara- 
tions and a simple method without any complicated 
purification steps. With the materials tested according 
to the Examples, the separation properties were maintain- 

15 ed for as long a period as 8 months and with more than 50 
injections. 

Contrary to previous methods, the method according 
to the invention offers a high degree of freedom, since 
it allows the preparation of specific materials with 

20 predictable selectivities as desired. By using the 
described method, it should be possible also on a 
technical scale to remove contaminating small amounts 
of an undesired enantiomer. 

The invention will now be described in more detail 

25 by means of the following Examples and the accompanying 
Figures . 

The expressions and abbreviations used in the 
Examples have the following meanings: 
R s = resolution 

30 k< R - < W^O 
k 's " <V T 0 )/t 0 
- K V k 'R 

k' R = the capacity factor for the (R)-( + ) -enantiomer 
k' s = the capacity factor for the (S )-( - ) -enantiomer 
35 k f « the capacity factor for the racemate 
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t Q = the retention period for non-retained, dissolved 
substances^ the retention period being determined 
by injecting acetone 
R s determined graphically (7) 

5 Fig. 1 illustrates structures of various tested 

p-blockers. The (S)-(-)-configuration of timolol was used 
as print molecule for the preparation of the chiral 
stationary phase (CSP). 

Fig. 2 shows a diagram of chromatographic resolution 
10 of timolol on polymers containing (A) methacrylic acid 
and (B) itacanic acid. 
Example 1 

Preparation of a polymer selective for (S ) ( - ) -timolol : 

632.8 g (2 mmol) (S)(-)-timolol is resolved in a 50 
15 ml test tube in a mixture of 16 ml tetrahydrofuran, 1561.2 
mg (12 mmol) itaconic acid, 12.48 ml (60 mmol) ethylene 
glycol dimethacrylate and 180 mg (1.1 mmol) 2. 2 • -azobis(2- 
methylpropionltrile ) ; The solution is cooled in an ice 
bath, and nitrogen gas is caused to flow through the 
20 solution for 20 min. The test tube is sealed. The tube is 
placed in a freezing chamber (-20°C) and exposed to UV- 
light at the wave length of 366 nm for 24 h. 

The polymer formed is manually ground up in a mortar 
and then dried in a vacuum- type desiccator for 3 h. The 
25 polymer is further ground in a mechanical mortar device 
(Retsch, Haan, Germany) for 20 min. The material is 
screened through a 25 pm screen. The remaining material is 
ground and screened in two more turns. Small polymer 
particles from the screened material are removed by a 
30 sedimentation process in acetonitrile for 30 min in five 
turns. 

The resulting material is packed in an HPLC steel 
column (200 x 4.6 mm) in chloroform/acetonitrile (v/v, 
3/17) at a pressure of 300 bars. 
35 The column is arranged in an HPLC device (LKB, Bromma, 

Sweden) and washed therein with acetic acid/acetonitrile 
(v/v, 1/4) at a flow rate of 1 ml/min, for 1 h. Subsequent- 
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ly, the column is equilibrated in ethanol/tetrahydro- 
furan/acetic acid (v/v/v, 50/40/10) at a flow rate of 1 
ml/min, a pressure of 30 bars and detection at 294 nm. 

20 pg (R,S) -timolol is injected in 20 pi of the eluant 
5 ethanol/tetrahydrofuran/acetic acid (v/v/v, 50/40/10). 
k' R =1.4 k' s =3.5 <x=2.5 Rg=1.9 
Example 2 

Preparation of a polymer selective for ( S ) ( - ) -propranolol : 
389.01 mg (1.5 mmol ) ( S )(-) -propranolol is resolved in 
10 a 50 ml test tube in a mixture of 6 ml chloroform, 537 mg 
(6 mmol) methacrylate, 4.985 ml (24 mmol) ethylene glycol 
dimethacrylate and 56 mg (0.34 mmol) 2 . 2 ' -azobis( 2 -methyl - 
propionitrile ) . The solution is cooled in an ice bath, and 
nitrogen gas is caused to flow through the solution for 20 
15 min. The test tube is sealed. The tube is placed in a cool- 
ing chamber (+4°C) and exposed to UV-light at the wave 
length of 366 nm for 24 h. 

The polymer formed is ground up manually in a mortar 
and then dried in a vacuum- type desiccator for 3 h. The 
20 polymer is further ground in a mechanical mortar device 

(Retsch, Haan, Germany) for 20 min. The material is screen- 
ed through a 25 pm screen. The remaining material is ground 
and screened in two more turns. Small polymer particles 
from the screened material are removed by a sedimentation 
25 process in acetonitrile for 30 min in five turns. 

The resulting material is packed in an HPLC steel 
column (200 x 4.6 mm) in chlorof orm/acetonitrile (v/v, 
3/17) at a pressure of 300 bars. 

The column is arranged in an HPLC device (LKB, Brom- 
30 ma, Sweden) and washed therein with acetic acid/aceto- 
nitrile (v/v, 1/9) at a flow rate of 1 ml/min for 1 h/ 
Subsequently, the column is equilibrated in acetonitrile/ 
acetic acid (v/v, 93/7) at a flow rate of 1 ml/min, a 
pressure of 30 bars and detection at 275 nm. 

35 
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20 pg (R,S) -propranolol is injected in 20 pi of the eluant 
acetonitrile/acetic acid (v/v, 93/7), 
k' R =1.0 k' s =2.8 a=2.8 R g =1.4 
Example 3 

5 Preparation of a polymer selective for (S)(- ) -atenolol : 

399,5 mg (1.5 mmol) (S)(-)-atenolol is resolved in a 
50 ml test tube in a mixture of 6 ml chloroform, 537 mg (6 
mmol) methacrylate 1.985 ml (24 mmol) ethylene glycol 
dimethacrylate and mg (0.34 mmol) 2.2' -azobis( 2 -methyl 

10 propionitrile ) . The lution is cooled in an ice bath, and 
nitrogen gas is caus . to flow through the solution for 20 
min. The test tube is sealed* The tube is placed in a 
cooling chamber (+4°C) and exposed to UV-light at- the wave 
length of 366 nm for 24 h. 

15 The polymer formed is ground up. manually in a mortar 

and then dried in a vacuum- type desiccator for 3 h. The 
polymer is further ground in a mechanical mortar device 
(Retsch, Haan, Germany) for 20 min. The material is scree- 
ned through a 25 pin screen. The remaining material is 

20 ground and screened in two more turns. Small polymer 
particles from the screened material are removed by a 
sedimentation process in acetdnitrile for 30 min in five 
turns. 

The resulting material is packed in an HPLC steel 
25 column (200 x 4.6 mm) in chloroform/acetonitrile (v/v, 
3/17) at a pressure of 300 bars. 

The column is arranged in an HPLC device ( LKB, Brom- 
ma, Sweden) and washed therein with acetic acid/aceto- 
nitrile (v/v 1/9) at a flow rate of 1 ml/min for 1 h. 
30 Subsequently, the column is equilibrated in acetonitrile/- 
acetic acid (v/v, 93/7) at a flow rate of 1 ml/min, a 
pressure of 30 bars and detection at 275 nm. 

20 jig (R„S) -atenolol is injected in 20 \il of the 
eluant acetonitrile/acetic acid (v/v, 93/7). 
35 k' R =1.18 k' s =2.34 <r=2.0 Rg=0.5 
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Example 4 

Preparation of a polymer selective for ( S ) ( - )n s+roprolol : 

535 mg (2 mmol ) ( S ) ( - )-metoprolol is resolved in a 50 
ml test tube in a mixture of 6 ml chloroform, 537 mg (6 
5 mmol) methacrylate, 4.985 ml (24 mmol) ethylene glycol 
dimethacrylate and 56 mg (0.34 mmol) 2.2'-azobis(2-methyl 
propionitrile ) . The solution is cooled in an ice bath, and 
nitrogen gas is caused to flow through the solution for 20 
min. The test tube is sealed. The tube is placed in a 

10 cooling chamber .( +4 °C) and exposed to UV-light at the wave 
length of 366 nm for 24 h. 

The polymer formed is ground up manually in a mortar 
and then dried in a vacuum-type desiccator for 3 h. The 
polymer * is further ground in a mechanical mortar device 

15 (Retsch, Haan, Germany) for 20 min. The material is 

screened through a 25 \xm screen. The remaining material is 
ground and screened in two more turns. Small polymer 
particles from the screened material are removed in a 
sedimentation process in acetonitrile for 30 min in five 

20 turns. 

The resulting material is packed in an HPLC steel 
column (200 x 4.6 mm) in chlorof orm/acetonitrile (v/v, 
3/17) at a pressure of 300 bars. 

The column is arranged in an HPLC device (LKB, Brom- 

25 ma, Sweden) and washed therein with acetic acid/aceto- 
nitrile (v/v, 1/9) at a flow rate of 1 ml/min for 1 h. 
Subsequently, the column is equilibrated in acetonitrile- 
/acetic acid (v/v, 93/7) at a flow rate of 1 ml/min, a 
pressure of 30 bars and detection at 275 nm. 

30 20 \ig (R,S)-metoprolol is injected in 20 jil of the 

eluant acetonitrile/acetic acid (v/v, 93/7). 
k' R =l.l k' s =3.1 a=2.8 Rg=0.6 
Example 5 

Separation of enantiomers of timolol : 
35 Two chiral solid-phase chromatography materials were 

prepared according to the Examples above, with methacrylic 
acid and itaconic acid, respectively, as monomers. Both 
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polymers with imprints of (S ) ( - )-timolol allowed base-line 
separation after application of a racemic mixture of 
timolol with Revalues between 1.9 and 2.0 (see Table 1 
and Figs 2A, B). The CSP obtained with methacrylic acid 
5 (MAA-CSP) also allowed separation of enantiomers of other 
^-blockers (see Fig. 1). 

However, regarding the methacrylic acid polymer the 
resolution of racer* ^ mixtures of metoprolol and atenolol 
was unsatisfactory ta shown), but propranolol was 

10 resolved in a satisfy --nner (k' «1.0; 5*2.8; 

R 

R g =1.3). This agrees wic - results of enantiomer 

separation of amino acid derivatives of structurally 
related molecules with MAA-polymers (9). Owing to the high 
optical rotation values of propranolol, the enantiomer 
15 separation thereof could also be determined polari- 

metrically when the test concentration was increased to 
20 g/1. In this manner it was determined that the peaks 
obtained by separation of the enantiomers were identical 
with those as measured by means of UV- absorption. 
20 Regarding itaconic acid based polymers with molecular 

imprints (ITA-CSP), not only were sharper peaks obtained, 
but a higher degree of selectivity was also exhibited. By 
using (S)(-)-timolol as print molecule and subsequently 
applying an artificial mixture of the racemic aryloxi- 
25 propanolamines timolol, propranolol, atenolol and 

metoprolol (structures, see Fig. 1), (S)(-)-timolol was 
retained in the most efficient manner of them all, while 
the others were neither separated in their enantiomer 
forms nor particularly bonded to the polymer (propranolol, 
30 k, ra c =0 * 2; ateno101 ai *d metoprolol, k ' racj =2 - 2 ' timolol, 

k f R =2.5 and. k f s =3.6; flow rate 0.4 ml/min, UV-detection at 
275 nm). 

These reisults are probably caused by the fact that 
the neighbouring carboxyl groups on the bifunctional 
35 monomer itaconic acid which is used have a more pronounced 
possibility of interactions (reciprocal actions) with the 
heterocyclic side chain of timolol. 
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Table 1 

Chromatographic resolution of timolol on chiral solid 
phases prepared by the molecular imprinting method by 
using (S)( - ) -timolol as print molecule 



5 



Functional monomer in the 
chiral solid phase . 


k 1 
K R 


a 


R S 


Methacrylic acid (MMA) 
Itaconic acid ( I'TA ) 


2.0 
1.4 


2.9 
2.5 


2.9 
1.9 



Fig. 2 shows a diagram of the chromatographic 
resolution of timolol on polymers containing (A) 
methacrylic acid and (B) itaconic acid. The selected 

15 optimised eluants were acetonitriie/acetic acid (93/7, 
v/v) for (A) and ethanol/tetrahydrof uran/acetic acid 
(50/40/10, v/v/v) for (B). The test volume was 20 pi 
containing 20 pg £ -blockers, the flow rate was 1 ml/min 
and the pressure about 30 bars. All separations were 

20 effected at ambient temperature and the UV-detection was 
made at 294 nm. The elution sequence was determined by 
injection of the pure enantiomers. 

The capacity shown is perfectly well comparable with 
e.g. a biological alternative method using the protein 

25 cellulase (6d). The quantity of timolol with optimal base- 
line separation was 18.9 and 19.9 pg/g dry CSP, respect- 
ively, (Fig. 2) and in connection with the above-mentioned 
polarimetric study of propranolol with acceptable resolu- 
tion but no base-line separation, 400 pg/g dry CSP. 

30 



3 

35 
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CLAIMS 

1. Method for separating enantiomers of a derivative 
5 of an aryloxipropanolamine, characterised in 
that the derivative is contacted with a chiral solid-phase 
chromatography material containing molecular imprints of 
an optically pure enantiomer of the derivative to be 
separated. 

10 2. The method as claimed in claim 1, charac- 

terised in that, as chiral solid-phase chroma- 

-. 

tography material , use is made of a polymer which is 
prepared by polymerisation of a monomer in the presence 
of a cross-linking agent and, as print molecule, use is 
15 made of the optically pure enantiomer of the derivative to 
be separated. 

3. Chiral solid-phase chromatography material for use 
in the separation of enantiomers of derivatives of aryl- 
oxipropanolamine, characterised in that it 

20 consists of a polymer prepared by polymerisation of a 
monomer in the presence of a cross-linking agent and an 
optically pure enantiomer of the derivative to be separat- 
ed, a molecular imprint of the optically pure enantiomer 
being formed in the polymer by non-covalent interactions 

25 between the monomer and the optically pure enantiomer. 

4 . The chiral * solid-phase chromatography material as 
* claimed in claim 3, characterised in that 

the derivative of aryloxipropanolamine, which is used in 
the formation of the molecular imprint, is timolol, 
30 propranolol, metoprolol or atenolol. 

5. The chiral solid-phase chromatography material as 
claimed in claim 3 or 4, characterised in 
that the monomer is a carboxyl- functional monomer. 

6. The chiral solid-phase chromatography material as 
35 claimed in claim 5, characterised in that 

the carboxyl-functional monomer is itaconic acid. 
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7. The chiral solid-phase chromatography material as 
claimed in claim 5, characterised in that 
the carboxyl- functional monomer is methacrylic acid. 

8. The chiral solid-phase chromatography material as 
5 claimed in any one of claims 3-7, characteris- 
ed in that the cross-linking agent is ethylene glycol 
dimethylacrylate . 

9. Use of the molecular imprinting method for prepar- 
ing a chiral solid-phase chromatography material for use 

10 in the separation of enantiomers of a derivative of an 
aryloxipropanolamine . 
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